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A pycnometer of improved design
by Richard Moore*

The density of a solution must be known to laboratory
medicine , biochemistry, and physical chemistry. Knowledge
of the density may permit calculation of solution concentration, solute molecular weight, solute partial, or specific
volume , for example. Therefore, the determination of the
density of a solution is a measurement which must be made
with precision, accuracy, and sensitivity. This report describes a pycnometer which permits making such measurements.
Figure I shows a photograph of the parts of the pycnometer. the procedure to use it is to weigh it dry and empty,
to weigh it filled with a liquid of known density , and to
weigh it filled with the unknown .
The user degasses the solution, the density of which is to
be measured. This is readily done with a suction flask and a
vacuum pump . A suction line is then attached to one of the
filling ports. A flexible tube is pushed onto the other filling
port and the other end of the tube is immersed in the solution the density of which is to be measured. Suction is
applied gradually, and the pycnometer is filled with the solution. The tubes are then removed . Any spillage is into the top
reservoir, which can be cleaned and dryed with a tissue or a
cotton-tipped applicator.
The design of the pycnometer has the following features:
l. Its capacity is large (about 68 ml.). This means that
small differences in sample density can be detected.
Large contained volume is the key to sensitivity .
2. It is short enough to fit on the pan of most analytical
balances. Thus, measurements can be made to 0.1 to
0.01 mgm., depending on the balance sensitivity. This
permits weight determinations to 6 to 7 significant
digits.
3. The cap has a hook on top, which can be used to
suspend the pycnometer below the pan , either in air or
in a buoyant fluid.
4 . The filling ports are the highest parts of the inner volume. Thus, any bubbles can be removed during filling.
5. The filling ports are capped with small caps fitting on
ground glass joints. These closures prevent evaporation ,
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so that the weight of the pycnometer remains constant
for several hours.
6. The port caps are protected by the larger cap, which
also fits on a ground glass joint, thus excluding dirt and
moisture.
7. The inner vessel contains a thermometer well. A narrow range thermometer rests in the well. The thermometer can be read through the glass wall by the
unaided eye or with a cathetometer. The thermometer
permits measuring the temperature of the liquid within
the inner vessel.
8. The pycnometer has a double wall, and the volume
between the inner wall and the outer wall is evacuted
to minimize rate of heat transmission between interior
and exterior by radiation.
DISCUSSION

The operation of the pycnometer is simple. The chief
sources of error are incomplete temperature equilibration
between sample vessel and thennometer, and wetting of the
ground glass joints of the port clousures. Incomplete temperature equilibration results in inaccurate readings of the thermometer. Waiting several hours between filling the inner
vessel and reading the thermometer avoids this inaccuracy.
One may read the thennometer with a cathetometer at regular intervals and plot the temperature readings versus time.
Such a plot will indicate when the thermometer has reached
an equilibrium reading. The wetting of the ground glass joint
usually occurs during filling. The fluid tends to spread over
the entire gound glass area, and it evaporates from the lower
edge. This evaporative loss reduces the weight of the filled
pycnometer. This source of error is prevented by taking care
not to overfill. A tissue is used to bring the meniscus of each
fluid columnelevel with the top of the filling tube. The caps
are placed on the tubes gently. Then the ground join ts will
remain dry if the pycnometer is kept vertical.
The weights are measured in air. The air temperature, relative humidity, and barometric pressure are measured to
permit determining the density of the air. The value of this
density is used to correct measured weights to weights in
vacuo. The calculations are laborious. A computer program
has been written to perform these calculations. If the calculations are made with double precision, then no necessary
significant figures are lost in computation.
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FIGURE I: The Improved Pycnometer
A. The Pycnometer is shown assembled and partly filled with a liquid
sample, standing upright.
B. The components of the pycno-
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thermometer;
The vacuum jacketed vessel
proper ;
One of the two identical capillary
closures and the protective
cap.
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